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the connecting rod 6.
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1
DIRECT DRIVE FOR A PRESS

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation-in-part application of pending inter-
national application PCT/EP2009/054624 filed Apr. 177, 2009
and claiming the priornty of German Application No. 10 2008
028 652.4 filed Jun. 18, 2008.

BACKGROUND OF THE INVENTION

The mvention resides 1n a press with a press drive, for
example, for the manufacture of metal sheet parts or for the
deformation of massive metal components.

In the present state of the art, 1n the deformation of metal
sheets for same time, mechanically driven presses with fly
wheel drives have been used. In such presses, the travel-time
curve of the plunger as generated by the kinematics of the
drive which transmits the drive energy of the fly wheel to the
plunger 1s predetermined. Changes 1n the travel-drive curve
are only possible in connection with a stroke change. The
striving for more productive manufacturing processes and the
continually increasing requirements in the drawing processes
resulted lately in the use of so-called servo presses in the
shaping of sheet metal parts.

These servo presses are equipped with variable servo
drives capable of generating different press forces. These
presses are driven by one or several servomotors, which act
directly on the drive train, without a fly wheel and without a
clutch. In servo presses with relatively large press forces,
high-moment torque motors are often used. With respect to
speed and direction of rotation these motors can be controlled
in a tlexible manner so that they are programmable for differ-
ent travel-time curves of the plunger. Curves from a sine-
shaped course of an eccentric press, the curves of toggle joint
lever drives or component design-specific curves may be
established. The plunger can be independently positioned, 1t
can be braked at any location or accelerated and 1t may even
be operated 1n an oscillating back and forth movement by
reversing the eccentric between two points.

Such a servo press 1s disclosed, for example, in DE 102004
009 256 B4. The press described herein includes several
servomotors which jointly operate a plunger. The servomo-
tors act on the plunger via a drive which has a mass moment
of mnertia. This mass moment of mertia may be increased by
an additional fly wheel, if desired. However, altogether the
resulting mass 1nertia moment 1s selected so as to be less than
that of conventional presses 1in which the fly wheel stores
suificient energy to complete a working stroke. It is rather so
small that the servomotors can accelerate the fly wheel from
a stand still and again brake 1t to a stand still. With such a
design, 1t 1s possible to operate the presses on one hand 1n a
reversing operation with variable strokes wherein, on the
other hand, high press forces can be obtained with the aid of
the fly wheel.

It1s, however, a disadvantage of this solution that in spite of
drive simplifications, complicated and costly movement
transmission means 1n the form of gears are still needed. DE
41 09 796 C2 discloses an arrangement for pressing, bending
and punching of metal work pieces wherein a servomotor acts
directly on an eccentric. With this arrangement the stroke
length, as well as the press forces, are to be changed a simple
manner. In addition, by an axial guiding of the plunger, 1t’s
surface of contact with the workpiece 1s to remain unchanged.
A disadvantage of this solution however 1s surely a limitation
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to very small press forces. For large deformation presses with
several pressure points, such an arrangement 1s not suitable.

Based on this state of the art, 1t 1s the object of the present
invention to provide a press having a press drive which on one
hand 1s capable to generate high press forces with a variable

plunger movement and, on the other hand 1s of simple design
and cost effective.

SUMMARY OF THE INVENTION

With reference to FIGS. 1A and 1B, the invention relates to
a press having a press drive, without any motion transmitting
means, such as, for example, gears or gear drives wherein a
direct electric drive 35 1s located between an eccentric 3 and
a connecting rod 6 and brings about a relative movement
between the eccentric 3 and the connecting rod 6.

The basic concept of the invention provides a press having
a press drive with a direct electric drive without motion trans-
mission means as, for example, gears or gear drives. This 1s
achieved 1n that 1n a press drive having an eccentric 1s pro-
vided with a direct electric drive consisting of a rotor and a
stator are used which act directly on the, one or several,
connecting rods. The direct electric drive directly drives one
eccentric or several eccentrics which are rotatably connected
to the connecting rods. In principle, several variations of the
press drive according to the mvention are possible. In the
preferred embodiment of the invention, the direct electric
drive 1s disposed between an eccentric and a connecting rod
rotatably supported on the eccentric. The eccentric 1s pro-
vided at 1ts outer circumierence with a number of permanent
magnets corresponding to a desired press force. At the inner
surface of the connecting rod eye facing the permanent mag-
nets—coils are arranged. The operation of the direct electric
drive of the press drive according to the invention corresponds
essentially to the mode of operation of a permanent magnet
synchronous motor. There 1s a difference in the mode of
operation of the rotor and the stator in relation to the overall
system. Which in a conventional permanent magnet synchro-
nous motor the stator 1s stationary and the rotor rotates con-
centrically around the stator, in the direct electric drive
according to the invention also the stator moves relative to the
overall system of the press because of the eccentricity of the
permanent magnet arrangement relative to the eccentric shatt.
However, 11 the movement of the inner eye surface of the
connecting rod relative to the outer surface of the eccentric 1s
considered, the mode of operation corresponds to that of a
rotor-stator structure ol a permanent magnet synchronous
motor.

The connecting rod 1s rotatably connected to the eccentric
preferably via a friction bearing. In this way it 1s ensured, that
between the permanent magnets which are arranged at the
outer circumierence of the eccentric and the windings which
are arranged on the eye surface of the connecting rod, a gap of
predetermined size 1s provided. Only two components of each
press drive are connected with the surrounding structure. The
eccentric shaft 1s rotatably supported at the head end. Com-
mon types of bearings known in the art may be used. The
second connecting point 1s at the plunger. It 1s a design that 1s
used 1 a conventional mechanical press. A bolt which 1s
supported 1n the center of a connecting rod eye or bore, 1s
rotatably supported at 1ts outer end in the plunger or, respec-
tively, 1n the pressure point of the plunger. In contrast to the
conventional drives, the connecting point 1n the plunger
serves the purposes for the press drive according to the inven-
tion, 1n addition to providing the motion on force transmis-
sion 1n the vertical direction, also, functions as a moment
bearing. The drive moment 1s supported in the plunger bear-
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ing via plunger guide structures on the press frame. As a
result, a separate moment support structure 1s not needed in
connection with the press drive according to the imvention.

Further advantages and particulars of the ivention will
become more readily apparent from the following description
ol advantageous embodiments with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a side view of the press drive according to the
invention;

FIG. 1B shows the press drive in an axial cross-sectional
View:

FIG. 2 shows the press drive according to the ivention in
connection with a double toggle lever joint; and,

FI1G. 3 shows two press drives according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1A shows a direct press drive 1 according to the
invention in a side view and FIG. 1B shows 1t 1n an axial
cross-sectional view. Shown 1n the FIGS. 1A and 1B 1s an
eccentric shaft 2 which 1s rotatably supported 1n a frame head
piece 25 which 1s not shown 1n detail in the drawings. The
eccentric shait 2 1s provided with an eccentric 3 and rotates 1t
about the axis of the eccentric shait 2. At the outer circum-
terence of the eccentric 3 numerous permanent magnets 4 are
securely arranged. In a preferred embodiment the eccentric 3
consists of aluminum. The number of the permanent magnets
4 or, respectively, the poles together with the geometrical
shape of components determines the size of the torque that
can be generated and of the resulting press force. Opposite the
permanent magnets 4 there are windings 3 which are mounted
to the inner surface of the eye or opening of the connecting rod
6. Between the outer surface of the permanent magnets 4 and
the opposite surface of the windings 5 there 1s an air gap of
generally a few millimeters. When the windings 5 are ener-
gized, a circumierentially directed force 1s generated via the
permanent magnets 4 which cause rotation of the inner sur-
face of the connecting rod eye relative to the eccentric 3.

A detailed description of the direct electric drive 35 elec-
tromagnetic actions effective between the permanent mag-
nets 4 and the winding S 1s not necessary here since they
correspond exactly to the operational principle of permanent
magnet synchronous motors which are well known 1n the art.

The connecting rod 6 and the eccentric 3 are 1ntercon-
nected rotatably by friction bearings 7 as shown in FIG. 1B.
At the end of the connecting rod 6 remote from the drive, the
connecting rod 6 1s provided with a bore 8 1n which a bolt 9 1s
supported by means of a friction bearing 10. This bolt 9 1s
rotatably connected at 1ts outer ends to the plunger 11. The
plunger 11 1s guided by the support frame 12 via a linear guide
structure (not shown) i such as way that i1t 1s movable 1n
vertical direction. When now, the eccentric 3 1s1solated by the
direct electric drive relative to the connecting rod 6, the
plunger 11 1s moved vertically because the shaft 2 of the
eccentric 3 1s rotatably supported at its opposite ends on the
frame head piece 25 and the bolt 9 1s rotatably connected to
the plunger 11.

FIG. 2 shows another embodiment of the press drive 1
according to the invention. The drive arrangement for the
connecting rod 13 corresponds to the drive arrangement as
shown 1n FIG. 1. Between an eccentric 14 which 1s connected
to a support shatt 15 and the connecting rod 13 the active
clements of the direct electric drive, here the permanent mag-
nets 16 and the windings 17, are disposed. The permanent
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magnets 16 are operatively securely arranged on the outer
surface of the eccentric 14 proximate the windings 17

mounted at the mner surface of the connecting rod eye. It 1s
noted however, that vice versa, the permanent magnets could
be arranged on the connecting rod 13 and the windings 17 on
the eccentric. In the exemplary embodiment shown 1n FI1G. 2,
an enhanced press drive 1 1s provided wherein the driven
connecting rod 13 1s not directly connected to the plunger 19,
but 1n this case, via a double toggle lever mechanism 18. The
double toggle joint lever mechanism 18 comprises a left hand
toggle lever mechanism 20q and a right hand toggle lever
mechanism 2056. Fach of the two toggle lever mechanisms
20a, 206 comprises an upper lever 21a, 215 and a lower lever
22a, 22b. The upper levers 21a and 215 are connected to the
lower levers 22a, 2256 via connecting structures 23a, 235. The
upper levers 21a, 215 are pivotally supported via the pivot
joints 24a, 245H at the frame head piece 25. The lower levers
22a and 22 b are connected to the plunger 19 at the pivot points
26a, 265. The struts 29a and 295 are connected at their ends
remote from the direct electric drive at the pivot points 27a,
28a to left hand (remote) toggle lever mechanism 20a and at
the pivot points 275, 285 to the right hand toggle mechanism
206 at the end of the connecting rod 13. When now the
connecting rod 13 1s moved by the driven eccentric 14; that
movement 1s transmitted via the double toggle lever mecha-
nism 18 to the plunger 19 1n such a way that it performs a
vertical up and down movement.

FIG. 3 shows another exemplary embodiment of press
according to the invention. In addition to the drive arrange-
ment already shown 1n FI1G. 1 the two press drives 1 shown in
FIG. 3 include connecting rods 30 which are linked to the
frame head piece 34 by way of links 32 by means of pivot
joimnts 31 and 33 providing for a kinematics with much
increased pressure focus near the bottom dead center position
of the plunger structure similar to a toggle lever drive. With
this kinematics relatively small press drives can be used
which provide for relatively large pressure forces where they
are needed that 1s near the bottom dead center position of the
press drive. The two press drives 1 have no mechanical syn-
chronization, for example, 1n the form of intermediate gears.
Synchronization 1s provided electronically by the control of
the direct electric drive. With such an electronic control, also
a tilt movement of the plunger can be obtained by a predeter-
mined unsynchronous drive control. If such a tilt control 1s
used, provisions must be made for the plunger guide structure
that parallelity deviations of the plunger can be accommo-
dated.

The press drive 1 of the present invention can be used 1n
connection with single-joint or multi-joint drives. Preferably
the connecting rods 6, 13 of the present invention consist of a
fiber-reinforced material.

The invention 1s not limited to the described exemplary
embodiment. It encompasses also all vanations within the
frame of the inventive concept.

REFERENCE NUMERALS

1 press drive

2 eccentric shafit

3 eccentric

4 permanent magnets
5 windings

6 connecting rod

7 friction bearing
8 bore
9 bolt

10 friction bearing
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11 plunger

12 machine frame

13 connecting rod

14 eccentric

15 support shaift

16 permanent magnets

17 windings

18 double toggle lever joint mechamism
19 plunger

20q left hand toggle lever mechanism
2056 rnight hand toggle lever mechanism
21a, b upper lever

22a, b lower lever

23a, b connecting structure

24a, b p1vot joints

25 frame head piece

26a, b pivot points

27a, b pvot points

28a, b pivot points

294, b struts

30 connecting rod

31 pivot joints

32 links

33 pivot joints

34 frame head piece

35 direct electric drive

What is claimed 1s:

1. A press for deformation of metal sheets or massive metal
components comprising at least one press drive, each of the at
least one press drive including an eccentric shait carrying an
eccentric and a connecting rod connected to the eccentric to
be activated thereby, the axis of the eccentric shaft offset from
the axis of the eccentric, the connecting rod having a first
opening operatively surrounding the outer circumierence of
the eccentric, a direct electric drive including permanent
magnets disposed on one of the outer circumierence of the
eccentric and the inner surface of the first opening of the
connecting rod and windings disposed on the connecting rod
or, respectively, the eccentric for generating a relative rota-
tional movement between the eccentric and the surrounding,
connecting rod, the eccentric and surrounding connecting rod
in operative relationship with the direct electric drive without
mechanical motion transmission apparatus, for generating,
the relative rotational eccentric movement between the
eccentric and the surrounding connecting rod for producing
said deformation.
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2. The press according to claim 1, wherein the direct elec-
tric drive 1s a permanent magnet synchronous motor.

3. The press according to claim 1, further including a
double toggle lever joint mechanism 1n operative connection
between the connecting rod and a plunger.

4. The press according to claim 1, wherein the connecting,
rod 1s rotatably connected with 1ts end remote from the first
opening thereot to a plunger via a Iriction bearing which also
provides for reaction torque support of the press drive.

5. The press according to claim 1, wherein the eccentric
shaft 1s rotatably supported on a frame head piece.

6. The press according to claim 1, wherein two press drives
are operatively connected to a single plunger, each press drive
includes a connecting rod operatively linked to a frame head
piece via a link having a first pivot joint and a second pivot
joint operatively positioned at opposite ends thereof, each
connecting rod operatively connected to the single plunger.

7. The press according to claim 1, wherein the movement
and force transier of the connecting rod to a plunger occurs by
means of a lever arrangement.

8. The press according to claim 7, wherein the movement
and force transfer lever arrangement 1s a double toggle lever
1ot mechanism.

9. The press according to claim 4, wherein said single press
drive 1s a single joint drive having the connecting rod directly
connected to the plunger.

10. The press according to claim 1, wherein the connecting
rod consists of a fiber-reinforced material.

11. The press according to claim 3, wherein said at least
one press drive 1s a multi-joint drive having the connecting
rod not directly connected to the plunger.

12. The press according to claim 3, where said double
toggle lever mechanism comprises a left hand toggle lever
mechanism and a right hand toggle lever mechanism, the left
hand toggle lever mechanism and the right hand toggle lever
mechanism each comprise an upper lever and a lower lever,
the upper levers are each operatively connected via connect-
ing structures, the upper levers are each pivotally supported
via a pivot joint at a frame head piece, the lower levers are
cach operatively connected to plunger at a first pivot point, a
strut 1s connected at an end thereof remote from the direct
clectric drive to a second pivot point to the left hand toggle
mechamism and the strut 1s connected at an end of the con-
necting rod at a third pivot point to the right hand toggle
mechanism.
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